The purpose of this paper is to find the effect of heat source/sink parameter on free convective flow of a polar fluid in open-ended vertical concentric annuli. Exact solutions of the non-dimensional differential equations describing the flow model have been obtained one by one for two different cases of source and sink. To observe the effect of the physical parameters such as source/sink and vertex viscosity, the numerical results of the velocity and microrotational velocity are finally shown on the graphs.
Introduction
Free convection occurs due to the impact of gravity on the heated fluid of variable density and thus relative buoyancy of the fluid. It occurs at small velocities in the presence of large temperature difference. Example of the free convection is a pot of boiling water in which the hot and less-dense water on the bottom layer moves upwards in plumes while the cool and denser water near the top of a pot likewise sinks. The fully developed laminar free convective flow of a fluid heated asymmetrically between two vertical plates has been described very well by Aung [1] . Nelson and Wood [2] have obtained the solution in the case of the com- with couple stresses have been described by Aero et al. [3] , D'ep [4] and Cowin [5] . Some examples of a polar fluid are mud, crude oil, body fluids, lubricants with polymer additives etc. Comparative studies of the Poiseuille flow corresponding to a polar fluid under various boundary conditions with applications to blood flow have been studied by Chaturani and Biswas [6] . Singh et al. [7] have studied the natural convection under a radial magnetic field in vertical concentric annuli. Using the generalized Forchheimer's model, Raptis and Takhar [8] have studied the flow of a polar fluid in a porous medium bounded by an infinite plate. Ogulu [9] has obtained the analytical solutions for the problem concerned with free convective flow of a polar fluid past a vertical porous plate with couple stresses and radiation, where the thermal energy of the plate is assumed to oscillate about a mean value. Later, the studies of flow formation in different geometries with and without heat source have been attempted by Cheng [10] [11]. Patil [12] has obtained analytic solution for the problem of free convection on the oscillatory flow of a polar fluid within a porous medium with variable heat flux.
Fluid flow with internal heat sources/sinks finds physical as well as theoretical interest. The fluid motion develops slowly following the development of non-uniformity in the temperature field. However, when the thermal energy differences are admirably large, the volumetric heat generation or absorption term exerts strong impact on the heat transfer and as a consequence on the fluid flow as well. The natural convective flows with heat generation from an isothermal horizontal circular cylinder have been studied by Molla et al. [13] . The effects of chemical reaction on free convective flow of a polar fluid in a porous medium with internal heat generation have been described by Patil and Kulkarni [14] . The natural convective flows of a polar fluid between vertical concentric annuli have been examined by Ravi and Singh [15] . Mohamed et al. [16] have obtained the solutions for thermal radiation and magnetic effects on free convective flow of a polar fluid in a porous medium with internal heat generation and chemical reaction. Moreover, Ravi et al. [17] have presented the free convection of a micropolar fluid between two vertical walls by taking into account the temperature dependent source/sink. Perdikis and Rapti [18] have studied the flow of an incompressible and electrically conducting polar fluid in the presence of a magnetic field. Motivated by the above papers, a boundary value problem is considered here to investigate analytically the effect of heat source/sink on the velocity and microrotational velocity when outer cylinder is isothermal while thermal boundary condition at the inner one is mixed kind. Analytical solutions obtained here are compared to the solution of natural convection of a polar fluid in vertical concentric annuli by Ravi and Singh [15] to check the accuracy of the solution. Finally, the effects of heat source or sink, vertex viscosity and radii ratio 
Mathematical Formulations
We have considered steady and laminar free convective flow of a polar fluid inside vertical concentric annulus of infinite length with temperature dependent heat source/sink. The z′ -axis is taken along the axis of cylinder in the vertical upward direction and r′ -axis is in the radial direction. Let a and b be the radii of inner and outer cylinders respectively. In this case the inner cylinder is cooled or heated either at a constant heat flux or isothermally so that its temperature (i.e. temperature of outer surface of the inner cylinder) is different from the ambient temperature T ∞ ′ . Since cylinders are of infinite length, the flow depends only on r′ . Using the Boussinesq approximation, the governing equation for free convective flow of a polar fluid with temperature dependent heat source or sink can be obtained as follows:
The boundary conditions for the model are as follows:
For the non-dimensionalization of governing Equations (1) - (3) and boundary conditions given by (4), we use the non-dimensional variables and parameters for the considered flow, defined as follows: (1) - (3) has produced the following non-dimensional equations:
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Further, the corresponding boundary conditions in dimensionless form are obtained as
The boundary conditions for the temperature field at the inner cylinder are of the Dirichlet and Newmann types. For a unified solution for both boundary conditions, these boundary conditions for temperature field at the inner cylinder can be combined into a single boundary condition known as boundary condition of third kind at the inner cylinder. By doing so, a combined condition is obtained as follows:
The corresponding cases can be obtained by assigning appropriate values to A, B and C in Equation (10) . The solution of Equations (6) - (8) 
Using Equation (10), the dimensionless skin-frictions at outer surface of inner cylinder and inner surface of outer cylinder in the presence of source are derived as ( ) 
Results and Discussion
The The numerical values of skin-friction 1 τ and λ τ for isothermal and constant heat flux cases with temperature dependent heat source/sink are given in Table 1 . This table clearly reveals that the skin-friction on inner cylinder increases when heat source increases and decreases with increasing heat sink for isothermal and constant heat flux cases while reverse tendency occurs on outer cylinder. The skin-friction on both the cylinders increases with increasing values of λ (gap between the inner and outer cylinder) for both cases. In Table 1 
Conclusions
The analytic solutions of the governing differential equations in terms of the source/sink, vertex viscosity and radii ratio parameters have been obtained. We 11 ,= + 
